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^= (54) Title: PISTON FOR INTERNAL COMBUSTION ENGINE 
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0.8%. Si : 3%JslT. Mn : 3%JilT. S : 0.2%iaT. Ni : 10%iaT 



(57) Abstract: A piston for an internal 
combustion engine, the piston made from 
integrally molded cast steel. The cast steel has 
a composition, in weight percent, of (a) not 
more than 0.8% of C, not more than 3% of Si, 
not more than 3% of Mn, not more than 0.2% 
of S, not more than 3% of Ni, not more than 
6% of Cr, not more than 6% of Cu, 0.01-3% of 
Nb, with the balance being substantially Fe and 
unavoidable impurities, or (b) 0.1-0.8% of C, not 
more than 3% of Si, not more than 3% of Mn, 
not more than 0.2% of S, not more than 10% of 
Ni, not more than 30% of Cr, not more than 6% 
of Cu, 0.05-8% of Nb, with the balance being 
substantially Fe and unavoidable impurities. 

(57) s$?i: -^m^w&i^f^mmt^^u 

a«it-e. (a)C : 0.8%JaT. Si : 3%1SI 
T. Mn : 3%JaT. S : 0.2%UIT. Ni : 3% 
UlT. Cr : 6%JsJlT. Cu : 6%J*IT. Nb : 

0.01-3%. jispiiaMfcFe&t;^priSM=F 

U^t^^tSi>mfSL^m'tht^. (b)C:0.1- 
Cr : 30%JilT. Cu : 6%JaT. Nb : 0.05~8%. 
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10 m^um 

\z.fSi-:>fz. (^J;tfi^BB^ 10-85924 -i-#R^) „ 
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>I^S#^^ 5,136,992 -^{*. Mi^?a^2SLT>'ff;^J<20i:#(;i^/S:i-§fcJ6> t";^ 

15 fctr;^ hv-^ffil^u-cv^So lil9 f^otr^ loot^— 'E^J<^if®Bl"efcSo 
h 100 fi> 105. i06^tJ«M^ 105 (Dmam (V y^) 107 

^^-r-S^fUlOl ir. ;^;^7- h^l02 i:. f 5/:/^ K 108 \i'^h:yV>' 
^7!>m^^M V ^^'^fm 109 t°^7l?;^lfP 104 i:. v'V'^as^S LTj^j^^ 

105 -^^^n^^ ^—^) ^-^5^^^ >';^/ux«=¥^ 7 y — <h iq^fm5?&*p^^i^ti5 103 

^^I0i:s.t;^t':/7j^^;^^ 104 fl. m^^Wimi.^^'t^tcm::^ m*it-v. C : 

0.32-0.45%. Si : 0.4~0.9%. Mn : 1.0—1.8%. P : 0.035%i^^T. S : 0.065% 
SJ.r, V : 0.06~0.15%. : Ye ^>P^f£^^mm^t\^tiy =^7^ h-^^—y 

Z<Di:o^d:mmcX<0 . FebAiCr42Mo4'a-^ (JIS SCM440 ^B^) J:'9<S 

g BTSmtt^Wi-^miadS^^E Lncv^fci6. j|^J^ff;^J;iS 20-25 MPa tc±#i- 
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m < # {i § n> c ^75s^^, t^j:-o Ti^v mmm^^i^'^rxmm^ 105 (Dv^y 
-f 107 m\z-mMm:t^^^-t^i^tM^%^o 

5 *fc^ia5 101 102 i:<OJS.^S:TX5^dSjej.S-efe^<Dt?. ^iga 

;^ h:6Si^v^<fcv^9^^S'bfc5o $^>{J:?^*P^^!^lFPi03^iiPXi-§^fe{e:^^'f h 
;^*5^^^^^-efet). =':/;:/ix5/iy3 h lOOh tr::)^^ <ii:^ 
?)^#^cev^(D-T:\ =1://-^^ h'fb;65^uv\ $ blii^atfe-^t^^^SPStM 103 

10 <^*DXXm^ . 103 Sr^C^ f ^@^i-6Xm^*5/£J^^-T?fo !9 > M^t^ 

0 2,981.899 -^^^i, »0^^4S.OTi•"M^i-&^^^Q±$-^§fc^6}^:^ 

Si : 2.0%|JilT. Mn : 2%mT. Cr : 10.0~18.0%. Mo S:tJ^/XJ*W (Mo4-l/2 
15 W) : 0.5—4.0%. ViSttJ^/XJ^iNb (V+ 1/2 Nb) : 0.05~2.0%. Ni : 2.5% 
i^j^T> Co : 12%i^;lTs Ni+Co : 0.5%fii±s P : 0.015%e^T. S : 0.005 %]J-l 

Cr mm^^m^^^ir^m^XhmM>KWnir^ :l t ^^x^ 5o ^ ^ t" 
>^ h :/<D J; p lc^$l?^*>tT*j!)PXS<^#v>— f^^5tfn?r3ii5tb J; 5 LT t . m 
25 atS.i;^APX;e)SB|i/^fc:je)(3:j^5t^g 19 ^^^g:< ^ h ^Xic;6S 
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UmTl)^ 450~500'Ca^{^i:# U> mmS-M^ 20 MPa~25 MPa @^t^_h#i- 

-^o/hM'fk^'^^^^fcSo ^ofcJbfc!';?'. hv^^^^^bx rt^-^wyixa 
;5S 450'C£;Ji. mmi^tit^ 20 MPa iJJlJb(3:_h#bT^>^^ RTt^?'^ J: 5 

25 

—Hc^tt-^at x^tL yfy< V 450'C^J:io V i^^'SlO^ 20 MPa ^j.±.(r^m 
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i^mm(Dp^mmmm'^'::^vi^^i^^-r^^—(Dmm\-t. K»i;bT% c:o.8% 

£AT. Si : 3%:^T. Mn : 3%iiJLT^ S : 0.2%OT^ Ni : Cr : 6%:^^ 

10 Cu:6%J^^T^ ISfb : 0.01~3%. Fe iROTpTigfi^J^^i^d^fe 

3^j:5m^^^i-50/65^ff* J: I9$f* bV^m^^*^«*it■T?.C:0.1~0.55%s 
Si : 0.2~2%, Mn : 0.3~3%> S : 0.005%^^? 0.2%Ji(>T. Ni : l%i^T. Cr : 
3%jy.T. Cu : 1~4%. Nb : 0.1~3%. BiUMnm^ Fe :SLtJ«^"SX3S6^^^^^ 

15 •:^?^m<o^mmmm\f:^ Yi^^i^^'t^f^-(Dmm\t.. ®»jtii?. c : o.i~ 

0.8%. Si : 3%i^T. Mn : 3%i^Ts S : 0.2%i^;T> Ni : 10%i^T. Cr : 30% 
Cu : 6%i^AT. Nt : 0.05—8%. J^^-^mW^K Fe ^TJ-^-^m^^Umt^ 
hfii^m.^^^ir^(Diimi^\^^\ J:«9$f^bv^m^{*. K»J:b-C\ C : 0.1~ 
0.55%, Si : 0.2~2%. Mn : 0.3~3%. S : 0.05~0.2%> Ni : 0.5~6%. Cr : 
20 6—20%. Cu : 1~4%. Nb : 0.2—5%. ^|fP^®6<JlC Fe ^t^^ RTjl^tl^M'^ 
fi^^t^^. C. Ni :S.t>' Nb 0.05< (C%+0.15Ni%-0.12Nb%) ^ 

bi-. Al. Mg^tJ«Ca<^)d^^.C< ia^0.04®ft%OT'^^i-S<^^W* 
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* b< vxn.M.itma-imiiimitmp^T>i^:^mmx^h^ scs24 

(jis) -^^ ^mmitmp^T:^i^:^mxh^ SUS630 (jis) (iiir^i7-4PH) (T) 

15 5,136,992 ■^}e:|B«om:&^^3itt';^ bi^ilJs M5t=i^ hdS^U< ^SV^^V^ 5 

^-r-So *^B^^ki^^*^-^3^^l^v^^t75^b. m.m'¥<D^^Bmtm^. ^m^x\ 
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25 i|ig{C^^J^tL6o 
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10 ixv'://£j^:SrWJ-f-5^:P:J2:«J:t)x iiti^#tt^J:t)-^I^0±■r6:li::^Sp^tg 

tfi^o ^^^^ ^^mim(D^i^F{nm^ti-i. ^^mtm(Dmm^m-'<^m 

15 i;iT lo<@iy.Ji-T?foa(^dW*uv\ m^tfo^fs^i^^— <^:^#^^N -^^^^ 
>:e:Jb\ *rB;^{k#r^i^^t-'5(Cfi. Ti. Zr. Hf, V. Nb. Ta ^V^ofcIVa 

:i<D^ibmic^^mitm7!>K i^mt^ (Nbo ^-^mt. mmn^. mmmk 

25 ii^tbct I9 0*UV\ 

El 2 «I^Jfe^3J 41 (D^mmi^^lgc^^^ (100 {§) T'foSo 



8 



wo 2004/094808 



PCT/JP2004/004629 



m4iimmm4i(D^mM^um^M (400 fs^) -cfeSo 
5 0 7 it.n^W}mi^n^'^<^^^^ -e s „ 

[1] mm(D%%.i^ 

(A) m— CO^iPi (a-P^^i51) 
(1) C : 0.8%i^JLT 

tt^jset < >fc6o U^>dSo-C. C \± 0.8%i2JlT-C«>^o C <7)-^^*{*iif ^ b < 0.1 
20 ~0.6%T'Sbt)^ J:«9 0^U<«O.3~O.55%-CfeSo 

(2) Si : 3%i^JlT 

^•^So Ufc;6SoTs Sifi3%gAT> ^ff* U< « 0.2~2%T'*?So 
25 (3) Mn : 3%^^T 

bMn;iS3o/o^^;t6^«jgi±^S^ST-rSOT% Mn J* 3%i^T^ ^?*b<i*0.3 
~3%. J: <9 ^ b < 0.3~2% ^ -r So 
(4) Ni : 3%i^T 
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5 fc^o 

(5) Cr:6%jeAT 

So 

(6) Cu : 6%^T 

15 2>o Cuf*^ff^U< l~4%TfeSo 

(7) Nb : 0.01~3% 

20 5t^P(&^B3&Jti-S^^5t14?r|B]±-r-5o Nb « Cr ^^ki^^<^WaM<Dfe::>C 

^j^^\.xy<-'7^ v^mt-t^^mt^^^o Ji^<^^^^#^t-«x 0.01% 
wmnM\^R-c^mm^i&.T^^^o ufc^sor. Nb«o.oi~3%^-r- 

So NbJi0* L,<li0.1~3%. J: t)/ff*b< Ji0.2'-3%T'fe5o 

(8) S : 0.2%iJAT 
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S i-i 0.2%UT. ^g^* b < 0.005~0.2%. X «9 $f ^ U < 0.03~0.2%-efo ^„ 
5 (9) Mo : 5%|^T 

(10) Co : 5%OT 

Co ft. mmmm^mrnvrmumti. MmMm^^m-r^t^if? 5% 

10 (11) Al. Mg RXJ<^ C3i(D{}^^j:< fhlU: 0.04%iJAT 

Al> MgS.tJ«Cati. ^^OflJi^^J^ bT<^)^m^Sfet). -^fc^SUttl^l^^O 

15 MgS.t)^Ca(Dii^f^< ia^0.04%£AT'^:#^^Srt;JSx*#S„ 
(12) ^(Dm(D7^m 

Ti. Zr. Hf. V. Ta^O I Va:^. Vai^(D5£*^> Nb ^ ill1^(0^;^^^-r ?)o 
V RXf- Ti O^^iJi^tu^'tu 0.5%Jei.T-X?fc5) 0);6S^(f * UV\ t.ftWii b%&.T 
UT % ^ < . B 0.05% J^T-^* UT 'ii ^ < . N 0.1%£;T-^^ UT ^ 

20 V\ 

(B) HZLCO^iPII (8-Mm^^) 

(1) C : 0.1—0.8% 

T. C (D^^m-^ 0.1~0.8%-efc D ^ iftT* U < « 0.1~0.55%t?fc 9 X J: «9 0* 

b< « o.i~o.4%-efeSo 

(2) Si : 3%UiT 
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(3) Mn : B%^T 

m-'(Dmmtm cs* 19 ^ mh 3%i^JLT-efe ^ ^ 0'^ \^<i-i 0.3-3% -e 

5 feSo 

(4) Ni : 10%&<T 

m-'(Dmmtm csstj: j: ^ s ni mj-^ b < 0.5-6% -t?feSo 

(5) Cr : 30%J^T 

"Ti^^^ Y\^\^X\f:^ Vl^(Dmm^n^^^m^^^^o 30%^^±-^^b-C^5 

<:itt^h 30%eiTfc-t-5„ Cr b< n. 6~20%'X?fc§o 

15 (6) Cu:6%£iLT 

5o Cu b < l~4%T?fc ?)o 

(7) Nb : 0.05~8% 

20 Nb«C ^^-a-b-r. «iNB?^&*^^^ki^ (NbC) ^^m='n=-—(Dmmxm 

^®T$^?>o bfc365oT.Nb«0.05~8%t-rSoNb(:i^if* b< «0.2~5%. 

12 
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J: 9 iJ?* U < 0.2-3.5% ^ -rSo 

(8) S : 0.2%iy.T 

s it. Mn cr tmt^^^^vxmmMm^^i^±-t^ t^ii^K. mm 

~0.2%-Cfc «9 . J: 19 b< J* 0.1~0.2%iy.TTfc6o 

(9) Mo : 5%&.T 

10 H— <^^^ j; t) . Mo 5%^^JLTTfc t) . U < 3%^TT' 

(10) C o : 5%mT 

15 (11)0. Ni S:tJ« Nb t^jt^ 

C> NiZ^T^Nb (D^^mits 0.05< (C%+0.15Ni%-0.12Nb%) ^0.8 (« 

il5tBtom«iEni4^. ^3ti4<^?feilp:<^:^J?)t-> I«v>C*T'^5t^^S^# 
Sfl6<^Ms;^<D{g:T<lrBSCf^ffi<7)3t>5 Nb t . Ms ^<7){g;T^#a < NiS^. 0.05 

< (c%+o.i5Ni%-o.i2Nb%) ^o.8(^^ia{c^jps-rs^i:*t?. m^(o-^um 

(12) Al. Mg mi Ca 0/>/.e < ^5 1 a : 0.04%J£AT 

0— O^^^iUDaStcJ; t). Al. Mg^tJ«Ca(D{j^?'.e< i: t> IS^ 0.04%i^ 

(13) •^<7)flfc(^)7n^ 
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Ti. Zr. Hfs V, Ta^O I Va]^. Va l^<^7n^t) Nb tmm<D^^^^-t^o 
V\ 

5 (14) ^"Slagfi^j^J^i^ 

[2] }hmmmm f:^ b v(7)m»t)^«i#i4 

10 3 n t-^hVy^ :^m(om-^m vtcmm^^-r^(D 
;5w^bv\ ^^m\^^<^^^9inmm-i3v:m}^irxi)^<D^mt.\.\^\ tins 

1 mm2 tft- 10 m^±Xh^(D^mip. tfrlB^^j^-fb^^ Mb i^-fk^l 

h 1 m^-^tf^-fb^it^^ffi^^js^^ 0.2—3.0% -efe «9 . ±^^tiii^(Dm^M't^ BW- 

20 20MPaii;lJbi:Jz#bTt>^ 4-;»'^.?]i5?i.®;^> i«mIi?lJtt^ Hm-^mtf^m^ti 

(mt§.#tj«) =i^i^i^>'X(Dmmiii^t^'o. us'at[^x(D±m 
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V^T^ 0.2%»;(5Ji350°C-C400MPai^JL±. 450'CT' 350 MPa ^_h. 500°C-e 
5 300 MPa &.±^T§m-r^(07!)mi^ bV \ * fc:i^?Mtt<^*t^ ti:^m^^^^ 

tt f;^ h >?fi^ 450'Ci^_ht? 100 GPa ^_h^«i^-r S t b V ^„ r <^ J: 

10 <siW5Stttr^-f-m^-efe § 500^* x-<D^i^mmm^Mi-^ lo-ie 
(o^i^mmm^M (2o~48o''C(^ms^H-e 13.1 x w^x^o t m^n u < o 

'^m.Tb^b 450~500°CO?§J^*|!5T'^^ bTt> t'^ h ^'^^^^i: ^^-y ^^^^-T 

20 [3] f^^Mffi f;^ h i/<^M5t:*^?5fe 

(A)a-Pm^^t°^ 

^itbT§^?&-t-'5wi:^#mi:i-So ^^fcb<^tf;^ h^-T'f*. MShM^. 
^m^-t^(Otm'^ bv\ ^it^ 850TOii(c;(]q^^#bfc^. ^/^-f-^i^m^ 

T^y^yVih bT!ei^^/^!ii^aiMm5fei43i>55|{^-t?tSo 
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n^m-t 900'-'950'C-efc^o 

5 (B) ^-ym^m f h ^ 

(1) i^Vy^/^(^f^i^ 

25 HM^J 1—20 . Cr-^^»*S-^j,»/j:v^a-P^ili5 (:^|gKOMfi!c|gHl^) 

It^-^J 1—4 fi;2^^P^co|a^^ffl^cD a-P ^^#^<^i^^:7'/^ 
tr^-To Jtlfe^JlJ 1 Nb (D-^^*;6S/i;.;^^-t-g'5i|^-Cfe «9 . Jt|5?^y 2 Nb <D^ 

I^M 4 « Mb (O^^m^^P-fJi-r^'X S 0'^^»;dS#-r#*5^^Tfc6„ *fctif 
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m^^intii^mW' 10-85924 "^i^m^^titc^'^m^mm (jis fcd6oo) 
m htzm-^h 19 . 2 iti¥:m^wm 5,136,992 ^Km^^tLtcmmm^^ 

MMM i~2o Rxj^itmw'i 1—4 (Dmm^ 100 kg mm^^M'^ (i^^tt^^ = 
5 i^^) x-mmi^tz.^. isso'CijjtJb-esiiafcffl^u. ^tbic i5oo'C£A±-e 1 -r ^ 

^Y:/n >^ ^ (C^m b/Co MMm 16 S.T>' 20 fiA^OlUg^J 1~20 (Dmm. RXJ^ 

it^m i~4 (Dmm^^Mi^x. mmm: 85o~iooo°c-e 1 ^m^i^i-. ^^?:v^-e3g^«^ 

10 JIS FCD600tB^(^^J|^lii&^®^<^«e5^Jl^^:oV^T^*> lOOkgl^J^^S^ 
j^:^ (mtt^^^:^^) -e^j5?b> 1500'C^^±-e^la^^:a:l^'^'^^:^ Fe-75%Si 
t Fe-Si-4%Mg ^fflV^feli^;x ^y^ife'C^^'fliMSb. $ b t-l^miilftll-s 
Fe-75%Si "T? 2 iSfe^®^^TV^. 1 ^-^Y^'a y ^ i^:^i^UT1^>'y/^ t bfc„ 
*:fe^BiferF^ 5,136,992 ^KM^^^ti^M^^ h^^K^mir^m^^^ 
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c 


Si 


Mn 


S 


Ni 


Cr 


Cu 


Nb 


V 




mMm 1 


0.09 


0.16 


0.22 


0.003 


0.01 


0.02 


0.02 


0.01 


- 


- 


mmm2 


0.11 


0.25 


0.32 


0.006 


0.04 


0.09 


0.03 


0.11 


- 


- 




0.20 


0.21 


0.32 


0.021 


0.12 


0.25 


0.05 


0.17 


- 


- 


mMm4 


0.54 


1.44 


0.56 


0.084 


0.87 


1.66 


1.59 


0.59 


- 


- 


MMM 5 


0.55 


1.95 


1.97 


0.147 


0.98 


2.93 


3.66 


2.46 


- 


- 




0.79 


2.87 


2.56 


0.194 


2.86 


5.98 


5.94 


3.00 


- 


- 




0.20 


0.55 


2.86 


0.030 


0.50 


0.10 


0.11 


0.06 


- 


- 




0.31 


0.87 


1.52 


0.033 


0.11 


0.08 


1.10 


0.10 


- 


- 




0.55 


2.47 


0.97 


0.022 


0.07 


0.05 


2.50 


0.50 


- 


- 


mmm 10 


0.37 


2.51 


0.30 


0.150 


2.70 


0.31 


0.10 


0.37 


- 


- 


mMm 11 


0.40 


0.91 


0.40 


0.030 


0.05 


3.16 


0.08 


0.48 


- 


- 


MMm 12 


0.41 


2.36 


0.68 


0.022 


0.05 


5.99 


0.01 


0.12 


- 


- 


mmm is 


0.30 


0.65 


0.65 


0.033 


0.11 


0.08 


5.80 


0.05 


- 


- 




0.35 


0.80 


1.98 


0.022 


0.08 


0.03 


0.08 


0.04 


0.12 


Ti: 0.008 


H*^!] 15 


0.42 


0.68 


1.01 


0.040 


0.08 


0.10 


0.03 


0.31 


0.03 


Ti: 0.004 


mmm le* 


0.42 


0.68 


1.01 


0.040 


0.08 


0.10 


0.03 


0.31 


0.03 


Ti: 0.004 


17 


0.40 


0.89 


0.41 


0.120 


0.10 


0.10 


0.12 


0.06 


- 


Mo: 1.69 


mmm 18 


0.46 


0.76 


0.33 


0.132 


0.09 


0.12 


0.09 


0.06 


- 


Co: 2.52 


mmm i9- 


0.43 


0.61 


1.01 


0.020 


0.10 


0.03 


3.70 


0.20 


- 


Al: 0.021 


mmm 20* 


0.43 


0.61 


1.01 


0.020 


0.10 


0.03 


3.70 


0.20 




Al: 0.021 


it^mi 


0.41 


0.80 


1.00 


0.020 


0.11 


0.10 


0.12 


0.005 






aMm2 


0.38 


0.85 


0.98 


0.019 


0.12 


0.15 


0.12 


3.22 








0.45 


0.87 


1.10 


0.211 


0.11 


0.05 


0.05 


0.04 








0.57 


0.55 


1.75 


0.209 


0.03 


0.03 


0.03 


0.005 


0.50 




mmii 


3.70 


2.23 


0.35 


0.006 


0.03 


0.02 


0.67 






Mg: 0.042 


'^^m2 


0.41 


0.66 


1.17 


0.030 


0.10 


0.11 


0.11 




0.08 





m. : *f^^S^ji bo 



(2) ^^mmimRxf^^ = n =:.-(Dfm 
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mmmwmm mim m) ^n«B^ i p-iooo ?rffiv>T. i^m 200 mx\ 

5 30396.6 iim2(D^#(^ 5 m»^^:oV^T. ^fs^'fbi^Offi^^ (%) 2itWi^R 

(D^fY^. ±ummm (30396.6 nmz) tsiJo fc^e ^ 5 nm-x*w-^ i^tzmx-to 

10 ffia50iim2^_h<5:>*S='i=t^>-^jcov>T«. :S-r^0^ 
^^0m^j;iJ;>9^S^^ioo^^-e^l:<^5^»tf*R^bfCo 

10 11m }^TKmi5:Jn-immvf^MWfD^^B^itm(Dm^ ^^i-d(d 

20 (3) iitj^#^4 

(a) »tf>:^##14 

25 ^^lb^^)^^f«;i^J:ieJ^T(^^)llIt'tTof:i„ ^-f^-9->'://V?lr60mmX20 
mm X 5 mm (755K:RKil>H- 71 f^AOXL. 0.1-0.2 nm (^^pj?!,^®^^^ R a (JIS 
B 0601) (c:^0b;t„ m 7 ti^i-J: 5 t-x #*SJbtf*:l^>T- 71 
51S)#m^^i^^ ( :tV:^'^T^y^m. ^a^SAFT-lSMM) 

itfco 5K5b^^^>T- 71 (o^Bic^iimfffi (iow-3ota^) ^^Ri 76 
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(JIS G 4805) m(DU^ 5 jun <D^ 72 ^U^^^^C 71 lil 58.8 N <7);^ 7 

m 75 -tr^M^-frfcjft^-e^ ^*^^^>T- 71 ^ 1 cm (Dmwjm:sLU i.e ^(d^^w^ 

Fm^-e^iep 74 Jc^i-:jbr[^}3:ti^^»j$-^. m^.;^^il'J^Ufco «^;^;?>^ 6.86N t^: 

@ : MWmWiti^ 400 In]|^;l_b 

O : ^^IDifcidS 300 iHl^iAi 400 lHl5i^« 

A : mwm^in^ 200 leiijJLji 300 m^m 
10 X : mwmm^ 200 m*?^ 

(b) W^-f-i-^^^tt 

^^l^zfjV^ 5 mmX5 mmX 10 mm (D^^l[^i^\Z.mWiMT.\^^ ^ffife^ 0.5 
limR a :!iiTmJitf t:'>'t*:i^Jt 81 ^flsj^ bfc„ •7*>f 83 J^tlL^ 80 mm 
20 Xj?$12mm-t?, F C300 ^ (^i^ P (I^V) >i-)|^mi&^^te: J: "9 J^^UfCe 
R^JbtJj^/V^ 82 #ltfc 4^(7)t*'>'K^jt 81 ^^f^:^^ 83 ic^^-^, 

^^>t81 83 0^jli4ffi}cPmfS (lOW-30^^) ^^^l 8Q (D^l^fi^ 

25 T^-f^^i^^ 83<Dm^^m^mwi^mx'^^. tibcd ~(7) (^j^^^tfi^v 

(1) Ummii^^BE : 15kg£'cm2 

(2) m.^mTmBE. : 500 kgfi'cmz 

(3) mmtjmMmm 5kg£fcmz^-D±^ 

20 



wo 2004/094808 



PCT/JP2004/004629 



(4) ^m^X'(D^M^^^^ : 1 min 

(5) -r-f : 2m/s 

(6) : lO'C (fi^i^l^- K 100) 

(7) mmmm^^w ■. mmttm^x- lo cm3/min <^jt^-e i ^mm^\^ti 

t:*':^^i^Jt 81 ^^tJ^T'-r :^ 83 <7)— Lfc^^-e(^^^m<lri^# 

(kgf) ]iJLT<^S*"e»7-1'-^ji^##tt^MbfCo 
@ : i^#t#a;6S 120kgf 
O : j^-W-^^^m^OS 100 kgf JeA_h 120 kgf 
A : j^###a;dS 80 kgf J^-h 100 kgf 
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^2 













(%) 


^^(lim) 


Kwii TOlsar) 


(m) 




J-jfc 7-4- -TfcfciS- 

<ksO 




mmm i 


0.1 


0.1 


3 


300 


o 


101 


o 


mmm2 


0.2 


0.2 


3 


305 


o 


105 


o 


mmms 


0.3 


0.3 


3 


310 


o 


110 


o 


mMm4 


6 


1.6 


30 


521 


© 


125 


© 




10.0 


1.7 


26 


530 


@ 


130 


© 


mMme 


15.0 


2.0 


12 


510 


@ 


120 


© 




1.0 


0.9 


8 


318 


o 


115 


o 




1.4 


1.0 


12 


350 


o 


119 


o 




6.1 


1.7 


40 


470 


@ 


150 


© 


mmm lo 


4.7 


1.7 


36 


471 


® 


140 


© 


mnm n 


5.4 


1.7 


38 


450 


@ 


140 


© 


mMm 12 


1.7 


1.1 


10 


330 


o 


130 


o 


mmm is 


1.0 


0.8 


10 


340 


o 


110 


o 




0.7 


0.8 


5 


385 


o 


125 


@ 


mmm is 


4.5 


1.6 


34 


420 


@ 


125 


© 


MMM 16* 


4.8 


1.8 


32 


450 


© 


130 


© 


mMi^l 17 


1.1 


1.1 


10 


370 


o 


125 


o 


mmm is 


1.0 


1.0 


17 


388 


o 


120 


o 




4.1 


1.3 


32 


411 


© 


135 


© 




4.3 


1.6 


30 


421 


© 


137 


© 


jti|!^^Jl 


0.0 






253 


A 


98 


A 




11.0 


1.90 


20 


452 


© 


120 


© 




0.0 






267 


A 


89 


A 




0 






263 


A 


100 


A 


1 


0.0 






289 


A 


102 


A 


^*M2 


0.0 






254 


A 


100 


A 



^ : (1) 50 iun2 ]iX±(D^^B =^ n ^^—CDWCo 
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l%^mx*h^t^. ||^£^J4~13:S.t;«15~2O-e«:*:^0JO^if*UV^^H (1— 
35%) F^-efcSo •^fc^^m^<tm(0^-^Fi^mm^O\^^Xit. |IM^il~20« 

50 iima^-hO*^^ nr:--<D^(i. ||Jg13?iJ 1~3. 7 ;S.tJ? 14 Sl^(DmMmxn. 
^;^1^«V^■f tT.^>:*:|gWt^^?* bVNfSSiJI'-efcSa od^— 10 

T^xT :^:J^^i^i-*5V>-CllJfe^?!l 1~20 m^-ftb%j^###a3as loOkgfe^Ji^::^: 
^^a^^m<D^^mRX^^^B^^%s ^m^m^^m^i^^ 50iim2i^_h' 

(4) m^tm 
20 (a) mit^(Dmm^ 

^■^i^^^/iy^^ibm'o m\^rcnm}i^m^\^mibi2^^. y-?^T'#iooo# 

^ 6>{c: 15imi. 9iim. 3iun^t>* liim CDi5^-r-¥^>^ m^^f-J;^ 

ffi^m^bfife (») (IP- 1000) ^fflv^■rft^200-em^u. 

m 3 jc;^-ro 

(b) R?^^ 0.7 iJA±<Da^bi^c^#J'^ 
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t±mm<D^t(Dit^^w-\^x.n^m 0.7 a±<Dmm(Dm^i%)^^f^o 
5 (5) mM 

l^5/i^;^MSF-2M) ^fflV^T. (%) ^ UTliy^UfCo ^^^^ 3 lil^ 

■To 

(6) nmrnxf- 

(7) 

^"^l^zTjVt^h^ m bfct*;^>tl-*f b-C, J«?W;^ h bT. JIS G 0567 (D 
r^#iWJ|SF5tt;«»f^^^<^l^?afl5R^i^:^^feJl-tt^oT.350'C.450t:St>'500^ 

15 tei^SltS 0.2%»:^ (MPa) ^SyjeUifco 3 fJl^-To 
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^3 



-6^ No. 




m -nrvl gSg r\ rr c> t 

VimBl 0.7 

±m<m(%) 


y ^ 

/n/S 
(%) 


K%) 


0.2%W:;'3(MPa) 


350^0 


450*C 


500^: 


mmmi 


0.0 


- 


0.0 


29.7 


378 


321 


279 




0.0 


- 


0.0 


28.1 


369 


331 


286 




0.1 


96 


0.0 


24.5 


401 


341 


298 


mmm4 


l.I 


88 


0.0 


8.8 


467 


387 


354 




1.3 


85 


0.0 


7.9 


488 


401 


384 




1.7 


84 


0.0 


3.7 


504 


410 


345 


mmm 


0.3 


87 


0.0 


23.5 


412 


356 


308 




0.3 


88 


0.0 


19.6 


433 


370 


312 




0.3 


88 


0.0 


12.4 


510 


403 


336 


mmm lo 


1.2 


81 


0.0 


3.0 


521 


435 


356 


mrnm ii 


0.4 


88 


0.0 


9.8 


567 


452 


374 


mmm 12 


0.2 


90 


0.0 


5.0 


753 


525 


457 


mmm 13 


0.3 


87 


0.0 


6.3 


455 


398 


345 


mmm u 


0.2 


85.1 


0.0 


8.7 


411 


366 


301 


mmm 15 


0.6 


90 


0.0 


14.6 


450 


374 


310 


mmm le* 


0.6 


88.9 


0.0 


13.3 


410 


322 


298 


mmm 17 


1.1 


84 


0.0 


2.2 


743 


510 


420 


mmm is 


1.0 


88 


0.0 


4.0 


576 


453 


378 


mmm 19 


0.2 


88 


0.0 


4.5 


550 


453 


396 


20* 


0.3 


87 


0.0 


4.0 


575 


462 


388 


itmmi 


0.2 


92 


0.0 


18.0 


399 


354 


308 




0.1 


98 


0.0 


4.5 


564 


441 


368 


itmms 


3.1 


68 


0.0 


16.5 


401 


342 


301 


itmmi 


3.2 


62.5 


0.0 


7.9 


470 


388 


312 


mmmi 


0.0 




0.0 


9.7 


411 


358 


245 


^ijt^m2 


0.7 


54 


0.1 


16.8 


449 


377 


303 
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^Ef* bv^^Hl^-efeofc„ mm.i^xj^3LXj^Mmmtncm L-cri. ^jsm i~2o 

(7) J«il§.iiJtt 

5 i^?aNiJfea!j^^f^i^>ti: b-C. JISZ2280(^ r:^JR:^JN-«^i^ii.'¥>'i^^^^ 

(GPa) ^^ffibfco jg^^^ 4 ic:^i-„ 

10 (8) Wl^1l.^tt 

mmt^mmm es {ei^j^uTiUi^^s^^-r^ ^-y/^ 64 1 . i^^k- 6? ^^m^'^ 
15 5f^m^68 68 \^mmvf^mM7'-"$'<Dmm¥Q9 t^mir^o 

h- 67 90 mm X if: $ 50 mm l^l^nXbfCo 

(1) U^yr 67 ^7K¥l- UfctJtB-e. ]^J1^S^^ =1 ^ ;V 64 J: «!) ^^>t 67 (D 
450'CJJ:*O^U. (2) l^il^Jt 67 IcTZ^lcJfelll Ufc^l^lTK^ 61 ^-L#$^ 

(-;^^T'^i-) . ^t@.<75?^*P7X62{eij:9^?&u (3) T^mGi^rm-T^t 
20 ^ ^> tc^^jt 67 %:7u(D7k^^mi^m'rjMt> h )fe 5 J^JP^^^^1^-r (5 is^) 

^ 1000 Isli^ 9 igbfc^. W^m^14(^tg^ U-C^^>tSlfffi(7)*:^*^ft ^ 
(pm) ^SU^bfCc «li.*m(DfP^^2p«j^XT«^ii«9-efcS„ 

@ sOjiml^T 

O : 50nmM-e lOOimiiJAT 

25 A : $ if)^ 100 iim ^"C 150 jmi i^AT 

X : M-:k-MM-^ ^ l!)^ 150 nm m 

(9) nm-^-soox^cD^i^mmm^M 

itt^g 5 mmXff $ 20 mm t^lSOX bfc^i^>lt?:.f^:5^*lf^e(S^m^(t*) 
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THEMOFLEX TAS-200 TAS8140C) ^fflV^T^ i^n.^mH'PX'^mM^ 



4 





(Gl 


Pa) 




!i#^(xio</t;) 


m No. 


350°C 


450^) 




•ft $ (11m) 


Wm 


mmmi 


194 


177 


161 


90 


0 


12.9 




193 


173 


160 


94 


0 


12.8 


mmma 


195 


176 


160 


87 


0 


12.4 


mmm4 


192 


175 


158 


80 


@ 


12.5 


mmm& 


191 


176 


158 


80 


© 


12.1 




193 


177 


157 


88 


0 


12.2 


mmm 


194 


171 


153 


95 


0 


11.8 


mmrns 


196 


m 


153 


94 


0 


11.9 


mmms 


197 


173 


155 


55 


© 


12.1 


mmm lo 


197 


164 


157 


51 


© 


12.5 




198 


168 


156 


47 


© 


12.4 


mmm 12 


197 


168 


158 


50 


© 


11.9 


mmm 13 


199 


173 


154 


90 


0 


12.6 


mmm 14 


195 


173 


155 


89 


0 


12.8 


^%^J 15 


194 


172 


155 


87 


0 


12.6 


mmm le* 


193 


168 


154 


98 


0 




^JS^SJ 17 


198 


171 


155 


49 


© 


12.4 


^ii^j 18 


195 


174 


157 


60 


@ 


12.2 


mmm 19 


195 


168 


155 


46 


© 


12.0 


Hifi^^J 20* 


195 


168 


165 


46 


@ 


12.0 


immi 


194 


174 


152 


117 


A 


12.1 


itmm2 


197 


174 


155 


100 


A 


12.6 


itmms 


194 


171 


151 


178 


X 


12.6 




195 


176 


148 


156 


X 


12.6 


m^m 1 


175 


160 


135 


325 


X 


13.1 




194 


174 


155 


121 


A 


14.0 
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ifti&pjtticia {^xi-i. mmm 1-20 nitrnm i~4 rxj^^^m iw^.^ 
-e«v>-ftt>b*^*.^*^5^^ 100 nm ^m^x\i^-nL(D\zM\^. mMm i~2o x 

^iv^-f 100 lun ^mx^-^tLo 

10 (1) '^i^:f/i-(Dfm 

/i-^:^-ro itife^j5t4cs.tj?S(D-^«;6S/>/^-r^^^^^-efc«9. it^^ye^ 

10 n S (?:>'^^S;6S#i-^';5^-efc «5 . }ti^m li Nb o^^»dS/>;^e-r#' 
^mmx-h <9 s J:b|5?^!l 12 n Nb (D^^»;6S#i-t'^^"efe^o 
^Jfe-^J 21—45 RXJ^it^m 5—11 <7)^iP5|^ 100 kg mWi^^M')P (i^Stt^-T 

T^s^^Fb^:^. l55o't:^^JLJl-e5lia^c:|±imu. ii:t>t-i5ooTOJiT'i'< 

20 >'^Y:^i:i5'i5^mmbfcio ^»J31S:T^ltlS^^^j6. 8-10 :S.t;« 12 iJAj^tD^ 

mmRxfitmm(Dmmi^M\^x. iooo-i2oo*c-e i ^m^^^^-^^-T^ 
mmtm^n^M x^ti^^. 550— 63o°c-e 2-4 ^m^^^^^^^-t^^^^"^"^ 
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^5 





Fe J^Jl^^D^b^mi?fe (K»%) 


0IJNO. 


c 


Si 


Mn 


s 


Ni 


Cr 


Cu 


Nb 


V 


Ti 




HJfe^J 21 


0.10 


0.15 


0.21 


0.005 


0.48 


5.87 


0.04 


0.05 








^i^m 22 


0.12 


0.18 


0.35 


0.027 


0.51 


6.24 


0.03 


0.15 




_ 


- 


^JS^i 23 


0.11 


0.22 


0.32 


0.052 


0.52 


6.05 


1.27 


0.21 


_ 






^Jfe^J 24 


0.13 


0.21 


0.31 


0.054 


1,79 


8.26 


2.14 


0.38 


_ 




_ 


^Jt^Nj 25 


0.24 


0 35 


0.42 


0.102 


2.84 


12.48 


2.53 


0.51 








^M^l 26 


0.39 


1.02 


0.98 


0.148 


3.15 


13.51 


2.76 


3.49 


_ 




_ 


^ife'&y 27 


0.55 


1.92 


1.95 


0.197 


5.76 


18.24 


3.97 


4.95 






_ 


HJfe^J 28 


0.78 


2.88 


2.63 


0.198 


9.58 


19.76 


5.82 


7.96 






_ 


mMm 29 


0.10 


0.64 


0.66 


0.025 


3.97 


16.52 


2.99 


0.56 


_ 


_ 


• 


^Jfe^J 30 


0.11 


0.70 


0.65 


0.051 


4.02 


16.41 


2.85 


0.90 


_ 




_ 


mmm 31* 


0.11 


0.70 


0.65 


0.061 


4.02 


16.41 


2.85 


0.90 




_ 


_ 


mmm 32 


0.27 


0.65 


0.50 


0.060 


3.87 


15.92 


2.99 


2.60 


_ 


_ 


_ 


^ife^Ri 33 


0.47 


0.66 


0.59 


0.060 


3.91 


16.65 


2.75 


4.99 


_ 






mmm 34 


0.17 


0.68 


0.56 


0.052 


3,93 


16.64 


2.88 


1.55 


_ 






Ht&M 35 


0.16 


0.61 


0.49 


0.063 


4.56 


14.77 


3.12 


1.46 


_ 






Hife^J 36 


0,17 


0.66 


0.44 


0.128 


3,98 


16.50 


2.97 


1.55 


_ 


_ 


_ 


mmm 37 


0.18 


0.55 


0.65 


0.198 


3.96 


16.44 


3.05 


1.57 




_ 


• 


HJS^aj 38 


0.11 


0.56 


0.48 


0.060 


4.03 


16.10 


3.00 


0.30 


0.008 


0.004 




mmm 39 


0.12 


0.58 


0.47 


0.061 


3.89 


16.10 


2.90 


1.00 


0.008 


0.005 


_ 


HJS^aj 40 


0.29 


0.57 


0.47 


0.066 


5.00 


16.46 


3.00 


2.47 


0.009 


0.008 


Mg:0.032 


HJfe^aj 41 


0.18 


0.56 


0.48 


0.060 


3.76 


16.37 


3.00 


1.59 


0.008 


0,005 


Ca:0.034 


^JiS^i) 42 






0.50 


0.071 


4.00 


15.50 


2.80 


4.10 


0.009 


0.007 




^Jfe^J 43 


0.12 


0.72 


0.58 


0.053_ 


3.97 


16.25 


2.76 


0.90 






Mo : 2.59 


mmm 44 


0.11 


0.68 


0.57 


0.048 


4.01 


16.38 


2.81 


0.88 






Co : 2.76 


^Ji^j 45 


0.11 


0.69 


0.62 


0.051 


4.12 


16.13 


2.55 


0.79 






Al : 0.035 




0.07 


0.63 


0.55 


0.035 


4.11 


16.78 


2.99 


0.40 


0.007 


0.003 






0.07 


0.60 


0.41 


0.220 


3.94 


16.60 


3.00 


0.31 


0.008 


0.005 






0.07 


0.60 


0.41 


0.290 


3.94 


16.60 


3.00 


0,31 


0.007 


0.005 




tbiSs^J 8* 


0.15 


0.60 


0.41 


0.237 


3.94 


16.60 


3.02 


1.61 


0.008 


0.005 






0.55 


0.55 


0.48 


0.310 


4.07 


16.30 


3.00 


0.30- 


0.008 


0.004 






0,18 


0.58 


0.48 


0.408 


6.54 


16.30 


3.00 


1.50 


0.007 


0.008 




ltSfe««J 11 


0,22 


0.44 


0.86 


0.016 


4.06 


15.52 


2.98 


0.04 








itmm 12* 


0,19 


0.60 


0.90 


0.033 


3,88 


16.37 


3.11 


8.57 
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^5 m^) 



^jNo. 


C%+0.15Ni%-0.12Nb% 


mnm 21 


0.17 


22 


0.18 


mMm 23 


0.16 


MMm 24 


0.35 


mmm 25 


0.60 


mmm 26 


0.44 


mmm 27 


0.82 


mwm 28 


1.26 


29 


0.63 


USSM 30 


0.61 


mmm si* 


0.61 


mmm 32 


0.54 


mmm 33 


0.46 


*tt«^34 


0.57 


^ifefil 35 


0.67 


mmm 36 


0.58 


^ife^^y 37 


0.59 


^M^J 38 


0.68 


mmm 39 


0.58 


^M^?iJ 40 


0.74 


mmm 41 


0.55 


Hife^BJ 42 


0.54 


HM^fil 43 


0.61 


mmm 44 


0.61 


^M^aJ 45 


0.63 




0.64 


JttSE^lJ 6* 


0.62 




0.62 


it 8* 


0.55 


imtm 9* 


1.12 


hblSs^J 10* 


0.98 


)iMm 11 


0.82 


itife#y 12* 


-0.26 



(2) ^^mitmRxj^^^ = n =^-(omm 

^;Pr^^ 6 fC^-f-o m.^'^<D:^V^^'^'^Wm.\-t^^^^ (H2O : 10 cms. 

HCl : 20 cm3. HNO3 : 4 cm^ H2SO4 : 1.3 cm^ (O^^^^Wi) X'ff<itio 



wo 2004/094808 



PCT/JP2004/004629 



^« (FE-SEM EDS. {m 0 SlMf^BfM S-4000. EDX KEVEX DELTA 

v;^T•i^) ^fflv^T^^^ bfco ^coig^.*B%^^b^omj^{*^i:i Nbj^^b^t^ (NbC) 
;«)^e>?:eSr ,i:;6S;^^$ti.fCo HI 3 )^Wm ^ (100^) ^ 

(8) 

15 m^#tt|rMb;fc„ 
(a) 

^»ji~2o tmm\^vxmmw}mmmnu,m^n^^^. i^T<Dmmxm\^'i^ 

@ : m^mm^ 400 ihhjj^± 
20 o : mmmm^ 300 400 m^m 

A : ^mEI^^S 200 m&.±: 300 [h]^« 

X : mmmm^ 200 m^^t 
(b) m^y-^-f-mi^^i^ 

25 -^-i-mH^^^wrnvtzo 

© : 120 kgf 

O : iOOkgfiiX_h 120kg£mm 

A : 80 kgf gA_b 100 kgf 7!^?^ 

X : ^H^^Mt!)^ 80 kgf 
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6 



fat XT 

^ No. 














vIH; 




(Kg© 




mmm 21 


0.1 


0.1 


21 


300 


0 


105 


0 


22 


0.1 


0.1 


21 


304 


0 


110 


0 


mmm 23 


0.1 


0.1 


20 


310 


0 


115 


0 


««3J 24 


0.2 


0.2 


42 


321 


0 


110 


0 


^iSflJ 25 


0.3 


0.2 


38 


324 


0 


115 


0 


IIJfe01J 26 


15.0 


2.0 


39 


520 


@ 


125 


© 


^Jfe^J 27 


27.0 


2.2 


23 


500 


® 


133 


© 


Mmm 28 


33.0 


2.2 


15 


503 


@ 


130 


@ 


Hii^J 29 


3.7 


1 


28 


311 


0 


110 


0 


IIJfe«3J 30 


3.9 


1.1 


32 


416 


© 


125 


© 


MMm 31* 


3.9 


1.1 


32 


416 


@ 


125 


© 


HiS^iJ 32 


8.1 


2.1 


69 


588 


© 


133 


© 


mmm 33 


32.8 


3.3 


12 


502 


© 


122 


® 


34 


4.6 


1.4 


50 


521 


@ 


130 


© 


^Jfe^BJ 35 


4.9 


1.3 


52 


523 


© 


129 


© 


MMM 36 


4.9 


1.3 


55 


533 


@ 


131 


© 


37 


4.7 


1.4 


54 


541 


© 


131 


© 


mMM 38 


0.1 


0.1 


5 


305 


0 


110 


0 


^ife^ij 39 


1.2 


0.5 


55 


310 


0 


115 


0 


^li^JiJ 40 


r .X 


X.O 


35 


040 




125 




MM&i 41 


5.0 


1.5 


55 


521 


© 


130 


© 


^Jfe^ll 42 


27 


3 


18 


510 


@ 


120 


© 


mM0i 43 


5.0 


1.3 


52 


520 


© 


123 


© 


Ilig^j44 


4.6 


1.2 


53 


500 




120 


© 


^J(E01J 45 


4.7 


1.2 


50 


512 


© 


135 


© 


itigi^^j5 


0.0 






210 


A 


88 


A 


imme* 


0 






26 


X 


60 


X 




0 






30 


X 


66 


X 


itm^ 8* 


0.0 






223 


A 


89 


A 


it^m 9* 


0.1 


0.12 


3 


33 


X 


80 


A 


tfcife^j 10* 


6 


1.4 


61 


261 


A 


88 


A 


tt;|5E«?iJ 11 


0.0 






154 


X 


82 


A 


itmm 12* 


35.7 


3.3 


9.0 


275 


A 


103 


0 



^ : (1) 50iim2J^_h<^*^=in^-(Dmo 



me^^^m hib^ti^x p ^^^itm<Dmm^i-t> mmm 21-25 38 

fil%7fe^-efc53&^ HJfe^aj 26~37. 39~45-efi:*:|gB^(^^?*UV>^H (1~ 

35%) i*i-efe5o *yb*^^>^t:^(05p*lIRtB^^^-ov^-c{i. mMm33&.^\i^ 
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'b^^p^<^0^ bv^fSH (lo^ii/ mm2:^_b) i^-t?fe?>o rttJJi^b-r. \iM 

^ 6 d^^. ^^i^J*^^5^^^^-*5v^-c^^s^^J 21-45 m^-rnhm^mm^ 

;^iJ^^^l-*5V^T^»!l 21-45 m^i^MmH^'^M:^^ 100 kgf ^^.-hi: 

(4) a^ki^ 

^jfe'^ji~2o tmmi^\^r^^>^j\-(omm(Dmm^ (%) s.t;^R?^^o.7 

(5) miij 

20 fco "i^^^^ 7 If^i-o 

(6) sm#T>'^t^i«M;^ 

350'C. 450'CS.tJ«500'Clc:*5ttS0.2%»;'j ( MPa) ^ilO^bfCo 7 

25 
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^7 





(%) 


mm 0.7 


y ^ 

(%) 


(%) 


0.2%Witi(M\ 


Pa) 


350°C 


450°C 


500t: 


mmm 21 


0.1 


98 


0.0 


27.8 


502 


415 


375 


mmm 22 


0.2 


84 


0.0 


23.0 




431 


388 


Mmm 23 


0.5 


88 


0.0 


23.6 




405 


370 


m-mm 24 


0.6 


84 


0.0 


21.6 


XjKJtJ 


451 

rxC J. 


401 


MMm 25 


0.8 


85 


1.0 


20.0 




460 


421 


MMm 26 


1.2 


75 


4.0 


14.7 




622 


531 


*ife«3J 27 


2.7 


74 


12.0 


15.6 






364 


HJS^J 28 


2.9 


70 


29.9 


9.7 




2ft7 


286 


MM0il 29 


0.2 


86 


6.2 


16.2 


/ Ox 


721 


622 


30 


0.8 


87 


4.2 


16.5 


vox 


61 1 


528 


mmm 31* 


0.8 


87 


4.2 


16.5 




61 1 

oxx 


528 


HM^ll 32 


0.8 


87 


2.2 


9.8 




604 

\J\J'-X 


512 


I^J(g#iJ 33 


0.8 


86 


3.6 


3.5 






551 


nm^] 34 


0.5 


95 


6.5 


12.4 


771 

fix 


6Q2 


621 


^Sfil^J 35 


0.7 


88 


6.0 


10.9 


fifti 


63 ^ 


554 


36 


1.1 


84 


7.5 


9.5 




622 


541 


^^•il 37 


3.0 


70 


6.0 


6.4 






367 


HJfe^J 38 


1 


88.9 


12.0 


16.1 






358 


Mmm 39 


0.9 


92.5 


10.0 


15.5 


\J\JX 


610 


544 


lllffe«»J 40 


1 


87.7 


28.8 


9.8 


6ft6 
000 


69^ 


545 


mmm 41 


0.8 


81 


5.8 


9.9 


677 


633 


541 


^Jfe^iJ 42 


1.1 


88 


6.6 


2.6 


645 


61 1 

\JXX 


533 


^^(g^sj 43 


0.6 


88 


3.2 


10.3 




621 


535 


mmm 44 


0.5 


84 


4.0 


9.7 


661 


629 


541 


^M^j 45 


0.5 


89 


4.0 


12.5 


630 


605 


526 


itt^M 5 


0.2 


86.4 


6.2 


16.2 


781 


721 


622 


Jt WJ 6* 


2.8 


66.7 


8.7 


10.5 


671 


610 


510 


Jt|{?^7 


3.1 


65 


11 


10.1 


665 


606 


503 


]t^m 8* 


2.8 


67 


8.7 


11.1 


671 


610 


510 


Jt|5?0lJ 9* 


3.3 


61.3 


96 


12.2 


446 


437 


398 


tbg^^^J 10* 


3.8 


58.9 


33.1 


11.6 


512 


468 


432 


itmm 11 


0.1 


89 


18.2 


12.1 


621 


601 


561 


JtllJj^J 12* 


0.2 


90 


7.7 


1.1 


633 


608 


541 
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^Mu«s.t;«ii5i&w;^>i-M bxfi. mmm 21-45 nin^m 5-12 1 i^^^^^-hT- 

(7) 

(8) mmMMii 

1~20 i:lRl#{ilUT#f->'://V(^:&:'c^^:i:$ (nm) ilrPJ^b> 

O : 50 pm 100 urn gAT 

A : Mi^MM^ ^ 100 iim Mt? 150 iim IJXT 
X : ^ 7!)> 150 iim m 

(9) '^u^50ox:(DW-^mBmm^ 
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^8 



isi\ vr^ 


(GPa) 








JNO. 


350^: 


450*C 


500'C 


ft ^ dim) 


btIBD 


?i#.^(x io-6/°c) 


^MM 21 


1 Q7 


177 


161 


98 


O 


12.1 


^Jfe#»J 22 




178 


163 


95 


o 


12.5 


23 


1 QQ 


177 
J. # 1 


162 


90 


o 


12.2 


24 




177 


155 


78 


o 


12.3 


25 




17fi 

X t\J 


154 


47 


@ 


12.3 


*Jfe'^J 26 


1 OR 


1 77 

X 1 1 


156 


44 


@ 


12.2 


glJfe^J 27 


1 Qi^ 


17fi 

X l\J 


159 


54 


o 


12.1 


S&tfe^J 28 


1 Q7 

xy / 


1 79 
X 1 ^ 


159 


87 


o 


12.1 


29 


1 OR 


1f%9 


161 

JL\J X 


33 


© 


12.1 






XO*x 


151 


62 


o 


11.9 


31* 




1 


151 

Xv X 


62 


o 


11.9 


mte^J 32 


1 Oil 

xy^ 


170 


153 

XI/ c# 


48 


© 


12.0 


gg^M 33 


1 QA 

xyo 


1 71 


152 

xc« 


97 


o 


12.1 


34 


1Q1 

xy X 




163 


27 


© 


12.1 


^tfe^J 35 


xyo 


1 77 

X f f 


X tJ\J 


40 


© 


12.1 


36 


ion 
xyu 


1 7R 
X / o 


1 55 

X CF 


42 


© 


12.5 


^ffi^ll 37 


1 on 
xyu 


1 7f> 

X 1 o 


161 


80 


© 


12.4 


S^ife^O 38 


1 on 
xyu 


1 77 

X 1 t 


156 

X 


31 


© 


11.8 


39 


xyo 


1 70 
X / u 


155 


20 


© 


11.6 




xyo 


1 77 


155 


54 


o 


12.5 


ftSfe-l?!! 41 


xyo 


1 7f^ 

X # 


165 


26 


© 


12.6 


42 


1 on 
xyu 


1 7R 
X f o 


1 58 


44 


© 


11.5 


^W.M 43 


195 


176 


155 


41 


© 


12.2 


^tfe^ll 44 


192 


176 


156 


42 


© 


12.3 


^SS^J 45 


191 


177 


157 


50 


© 


12.1 




195 


182 


161 


35 


© 


12.1 


6* 


169 


158 


138 


162 


X 


11.5 




171 


155 


136 


179 


X 


12.5 


it^m 8* 


169 


158 


138 


162 


X 


11.5 


itiSSl^J 9* 


162 


154 


132 


110 


A 


18 


ifciJS^J 10* 


164 


156 


135 


122 


A 


17.2 


itmm 11 


193 


171 


150 


168 


X 


12.4 


JtlSS^J 12* 


194 


171 


149 


150 


A 


12.2 



i^miiJtt(-M i^xiHis Mmm 21-45 (iVN-rti.^ 140 opa v^ 5 ^mm 
5 mtix\i^fco wtb(^*rbT> ^mm6--i2xm^'mhMi^M.^^^-d^ looiim 
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5 HMM 46 

0.24WM%(DC, 0.6lUA%(DSu 0.57 Sfi:%<^ Mn. 3.87 Ni. 
15.92 |f»%<D Cr. 2.99M%<^Cu, 2.10®a%C>Nb^ :S.T>* 0.072 
S ^^^i-S-^yWT^^-f-^ h^^li^fflV^T. Hi 1 }C:^-r fx h >- 10 ^— -^^tl 

{cilitufco :z<D}i'y^h>'io fi. ^IfB 11. h§P 12. '^HSi^mM 13. f 

10 14. i4d. ^j^^ 15. mm 16. y i/T' 17. h ^ 

^^Bmi\^m<Dmm^ 7.7% 
15 ^^mit^o^^-mBm^m : 2.0 11m 

m^ifi 50 iun2 JJiJ::(^5*^3 a :=i— ^ : 50 i@/ inm2 

ws^'i^rnH'^ mmmm :56iiii 

»7-r-^i^#tt :130Kgf 

mtm<o-m§.^ ■. 0.7% 
20 R?i^« 0.7 &.±(Dmit<^y±m^m 86% 

7 ^ : 6.1% 
^?l.#t>' : 9.8% 

o.2%m:fj 

at 350*^ : 625 MPa 
25 at 450*^ : 604 MPa 

at 500°C : 512 MPa 

at 350t: : 194 GPa 
at 450*0 : 170 GPa 
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at 500X: : 153 GPa 
mm^MMt^ im±n.m^^) :48imi 

5 1520"C-eS^ bfcio 1040'C{C 1 Btf^i^i^ Lfc^mf^-f- 

fcib. h ^ 10 3.0 mm t bfc„ ^atX^-C^l It 

10 {C:ioVNT ti^^!l^*'^-^;!jPXXAomitJ^^<^^A'^f*^ D?:? d^o fco 

#^nfcl::';^ h>^10(D>^:^—h^l2. fcf 14 S:T^ y V:/^ 19 Je:*3 

V^T. *fB;^^bi^(DM^^f*3.2~12.6%-efet)> *0^B;^'fli#i(^¥^:I^R+B^^f* 
1.8~2.4 pm -efe ^ 19 50 iim2 ^_h(D*^0 = n 48 

15 #btl.^ctf>«> h V 10 ^ 10,000 cc<^ e^lSiT'^— ^/l^^^^^^^^J-^^UT^ 

If;^ h l^mM RXmmJ^tl 20MPa 400 mmcDMiKum^M 

20 

13 

4^755^^ b-c V Nfco ;i (7)»^f«;!^^^75* e> . m^(o i eiim-litc <fc «9 mmH 

38 



wo 2004/094808 



PCT/JP2004/004629 



3.0 mm ^rt^^t. ^^MS 450TO±. RXJ^mm^ti 20 MPa t 
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10 5. ~i^m^m^^tifcmm7(>>^fj:^p^mmmm}^y^hi^xh^x. mmm 

mf)^. IC»itT% C : 0.8%J!^T. Si : B%&.Ts Mn : 3%&.T. S : 0.2%iJAT> 

Ni : 3%eAT. Cr : 6%:!^i.T. Cu : 6%&LT. Nb : 0.01—3%. m^MW^i^ Fe 

C : 0.1~0.55%. Si : 0.2—2%. Mn : 0.3~3%. S : 0.005%j@t? 0.2%^Tx 
Ni : Cr : 3%^T. Cu : 1~4%, Nb : 0.1—3%. m^mWmz. Fe 

20 7. —wm\z.m^:^fLfz.mmit}^^fj:^nmmmm\f:^v>x-h<>x.-mwjm 

mt^. «»J*T\ C : 0.1—0.8%. Si : 3%i^T. Mn : 3%J^iT. S : 0.2%OT. 
Ni : 10%UAT. Cr : 30%i^;lT. Cu : 6%i^T. Nb : 0.05—8%. n^mWMz. 

C : 0.1—0.55%. Si : 0.2—2%. Mn : 0.3—3%. S : 0.05—0.2%. Ni : 0.5—6%). 
Cr : 6-20%. Cu : 1-4%. Nb : 0.2—5%. nt^mn^\^ YeRXf-^Wimy^ 
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Sitt?, C> Ni. Nb^0.05< (C%+0.15Ni%-0.12Nb%) ^0.8 (O^H-C-^ 

10. m^m 7~9 (D\^^TM^i^mm<Dp^B^Mm h v^;l:fev^T. mmmm 

11. m^m 5~io ov^■r^^;&i(^:fB^<^l^j^ais>^fc'^ h :^i3::i3v>-Cs mmm 

mi)^ ^hKY RXJi/'Xit Ti ^ 0.5 ®l:%£J^T'^*-r § ^ ^ § F*3^^^ 

12. ft^^ 5~11 OVN-f ;n.;6^::IBi6<^l^^^gflffi t';^ h >^\Z.^\f^X. SulB^ 
10 IPidS ^ iJi Al. Mg RXJ^ Ca < >b 1 0.04 SS%£AT-^Wr S ^1 

:=^- m^mmim t-^v^v^ :^m(Dm^W) ^hb^ x^tcffm^^-t^ r ^ 
15 sj^mt-t^Psimmm^:^ ht^o 

14. if 13 K^m<D^mmmm t:-;^ h v^c*5v^T. mm^^mm(^^i^ 
Fi^mm^ 3 urn OT-efc 5 r t ^wm tir^p^mmmm t";^ h 

15. it^:^ 13 xt* 14 \zLum.<D\Hmmmm t":^ i/^c*3v^-c. 50 ^^^±(0 

16. 13~15 (DV^-r^^;?)^c|Bm(^l^Milffl t:"";^ b V{^:jSV^-C.HutB* 

mmM'^<omi\:,^(Dmm^-A^ o.2~3.o%-e. ±mhm(Dm^iitt^ r?^s 0.7 

18. It^^ 17 ('|B«c<^f^MMffi t°;^ h >'(c:*5V^-C. BUl5«i{£'ft;ifefiMn^t;« 

19. It*^ 5—18 <DV^■r^^^^^;lfB^Ol*3^B8ffl h >'^C*5V^T. ttlfB^ 
i^jiS 350t:~500''C<7?^ffl(C*3V>T 350 MPa U±<D 0.2%mtlRXJI^ 140 GPa 
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5 21. 7~io (Dv^-f 4^/^l>^-lB^<^rt:^mM^ fx h >'^$giti-5;^feT' 
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